severity scales (VCSS). Patients with a Villalta score C 5 were diagnosed with post-thrombotic syndrome (PTS). Results: Sixty patients were randomized to the control or MPFF groups (n = 30 in each group). There were 40 men and 20 women with a mean age ± SD of 56.3 ± 13.4 years. Clinically unprovoked DVT was recognized in 65% of cases and left side localization in 45%. The mean baseline Marder score was 15.0 ± 4.8 and 11.1 ± 4.3 in the experimental and control groups, respectively (p = 0.002). At 6 months, the mean Villalta score in the MPFF group was significantly lower compared with control (2.9 ± 2.7 versus 5.8 ± 3.0; p \ 0.0001). PTS was diagnosed in six patients (20%) and 17 patients (57%) in the experimental and control groups respectively (p = 0.007). A significant difference between the groups was also observed for the VCSS value (2.3 ± 1.9 versus 4.9 ± 1.9; p \ 0001). After 6 months of treatment the Marder score decreased to 0.8 ± 1.6 and 2.8 ± 3.5 in the experimental and control groups, respectively (p = 0.006). In the MPFF group, there was a greater reduction in the Marder score (p \ 0.0001) and more rapid rate of recanalization for the FV (p \ 0.0001), with a non-significant trend for the CFV (p = 0.130) and PV (p = 0.204) compared with the control group. Full recanalization of the PV at 6 months was observed in 24 patients (80%) who had received MPFF, and only 17 patients (57%) in the control group (p = 0.095).
INTRODUCTION
Deep vein thrombosis (DVT) is a significant medical and social problem. According to official statistics, the incidence of DVT in the Russian Federation remained stable throughout the period 2012-2016 accounting for 1.5-1.6 cases per 1000 population per year [1] [2] [3] , which is slightly higher than figures obtained in published epidemiological studies [4] [5] [6] [7] [8] . The main long-term issue after an episode of DVT is the occurrence of post-thrombotic syndrome (PTS), which significantly affects the patients' quality of life. The incidence of PTS in the 10-15 years after the primary thrombotic episode reaches 19-42%, and severe forms of the disease with the presence of trophic disorders can be detected in 3-4% of patients [9] [10] [11] [12] . The symptoms of PTS usually develop within the first 6 months following the primary DVT, but can occur years after the initial event [9] .
The pathogenetic mechanisms leading to the development of PTS may involve lesions of the deep vein valves with the formation of blood reflux, incomplete recanalization of venous segments with the persistence of residual venous obstruction, or a combination of both mechanisms [13] . The most important component is the presence of residual venous obstruction, which increases the risk of developing PTS by 1.6-2.0-fold [14] [15] [16] [17] [18] . The recanalization of veins is a complex biological process. One of its integral components is the immune inflammatory reaction, which is responsible for clearance of thrombotic masses from the lumen of the vessel and venous wall lesion [19, 20] . Previous studies have shown that increased levels of inflammatory markers, in particular C-reactive protein, interleukins-1 and -6, intercellular adhesion molecule-1 (ICAM-1), and a reduced level of anti-inflammatory cytokines (interleukin-10) are associated with a higher risk of PTS development [21] [22] [23] [24] [25] . This raises the possibility that pharmacological modulation of the inflammatory reaction may protect the venous wall from excessive leukocyte aggression, while retaining the natural role of immune cells in the process of vessel recanalization.
Among the potential pharmacological agents with the ability to target the inflammatory reaction directly in the venous wall, micronized purified flavonoid fraction (MPFF), an oral agent, is of particular interest. Previous experimental studies have demonstrated its prominent endothelial protective properties in the form of reduced rolling, adhesion, and migration of leukocytes in the settings of reperfusion injury and secondary venous hypertension [26] [27] [28] [29] . It has also been shown to suppress the inflammatory reaction in patients with chronic venous disease (CVD) [30] , including those who have undergone sclerotherapy [31] . To test the hypothesis that long-term treatment with MPFF may affect the natural course of DVT, this study evaluated the impact of MPFF use in the treatment of patients with femoropopliteal DVT.
METHODS
This pilot, single-center, open-label comparative clinical trial with blinded outcome assessment recruited patients over 18 years of age with a first episode of clinically provoked or unprovoked DVT in the femoropopliteal vascular segment with possible involvement of the calf veins and the common femoral vein. DVT location was confirmed by duplex ultrasound scan (DUS). All procedures performed in studies involving human participants were in accordance with local ethics committee of the Clinical Hospital No. 1 of the Presidents Administration of Russian Federation and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study. At the authors' institution it is not obligatory to register pilot and unfunded studies; therefore this trial is not registered.
Exclusion criteria were suspected or confirmed pulmonary embolism; bilateral DVT location; extension of the thrombosis into the iliac veins above the inguinal fold; contraindications to therapy with anticoagulants or MPFF; verified malignant tumor at the time of DVT manifestation; known severe thrombophilia (deficiency of protein C, protein S, antithrombin III, antiphospholipid syndrome); use of parenteral anticoagulants for 7 days or more from the time of DVT verification; inability to use compression stockings; any intervention for DVT (inferior vena cava filter implantation, thrombectomy, or catheter-guided thrombolysis); continued use of other drugs affecting the hemostatic system (except acetylsalicylic acid at a dose of up to 100 mg per day); and poor compliance.
The study was carried out at the facilities of the Clinical Hospital No. 1 of the Presidents Administration of the Russian Federation in 2017-2018. In accordance with the internal protocol of the institution, all patients with suspected DVT entering the emergency department were assessed using a two-level Wells score and a D-dimer evaluation [32] . In patients with a high clinical probability of DVT or a combination of low clinical probability for DVT with an increased level of D-dimer, anticoagulant therapy was initiated with low molecular weight heparin (LMWH), followed by DUS. Patients with diagnosed femoropopliteal venous thrombosis were assessed for fulfillment of the inclusion and exclusion criteria. After signing informed consent, patients were randomly allocated to one of two groups based on the number on the patient's medical record form: those whose last digit was even were assigned to the MPFF group, and those whose last digit was odd were assigned to the control group; if the last digit was zero, the penultimate digit was used. In the case of premature completion of recruitment to either group, all eligible patients were intentionally allocated to the second group.
During the period from hospital admission to treatment allocation, all patients received therapeutic doses of LMWH (enoxaparin 1 mg/ kg twice daily). After randomization, patients in both groups were switched to the oral anticoagulant rivaroxaban at a dosage of 15 mg twice daily for up to 3 weeks from the administration of the first dose of LMWH. Thereafter they received a dosage of 20 mg once daily for up to 6 months. The first dose of rivaroxaban was administered instead of LMWH at the time of the next scheduled injection. In addition, during the first 3 days following the DVT diagnosis, patients in both groups applied individualized medical compression in the form of thigh-high stockings with a pressure of 23-32 mmHg (class 2 compression according to RAL-GZ 387 standard). Matching the size of the stocking to the diameter of the limb was controlled 3 weeks and 3 months after the start of treatment. Patients were advised to wear the stockings 24 h a day for the first week and then during the day for the next 6 months. In the MPFF group, patients received MPFF 500 mg twice daily for 6 months in addition to standard treatment. The first dose of MPFF was administered immediately after treatment allocation and in parallel with the switch to the oral form of the anticoagulant.
Patients were followed for 6 months with clinical and ultrasound evaluation every 2 months. At baseline, in addition to standard clinical data, the affected lower limb was evaluated for the presence of pre-existing CVD, and if confirmed, the clinical class according to the CEAP (Clinical, Etiological, Anatomical, and Pathological) classification was determined. CEAP clinical classes C1 (telangiectases), C2 (varicose veins), C4 (skin pigmentation, eczema, lipodermatosclerosis or athrophie blanche), C5 (healed venous ulcer), and C6 (active venous ulcer) were confirmed objectively on the basis of the presence of corresponding signs of the disease. CEAP clinical class C3 (presence of leg edema) was confirmed on the basis of the patient's medical history (complaints of edema of the lower limb or need for compression therapy prior to the manifestation of thrombosis), as at the time of physical examination all patients had swelling due to acute deep vein occlusion. CEAP class was also determined after 6 months of treatment. CVD severity was assessed using the Venous Clinical Severity Score (VCSS) [33] . The VCSS includes 10 clinical descriptors (pain, varicose veins, venous edema, skin pigmentation, inflammation, induration, number of active ulcers, duration of active ulceration, size of ulcer, and compressive therapy use), scored from 0 to 3 (total possible score, 30). Quality of life was assessed using the Chronic Venous Disease quality of life Questionnaire (CIVIQ-20), a validated, 20-item, self-reported scale that captures the key dimensions of quality of life specifically impaired by CVD in the following four domains: physical, psychological, social, and pain [34] . The presence and severity of PTS was assessed using the Villalta score, which is based on the sum of severity ratings of five venous symptoms and six clinical signs (Table 1 ) [35] . The final judgement about the presence of PTS and the severity of CVD was made by an independent expert who was blinded to the patient's allocation to MPFF or control group.
DUS was performed using the MyLab30 device (Esaote, Italy) with a linear ultrasound transducer LA532 in the frequency range 5-13 MHz. The common femoral vein (CFV) and femoral vein (FV) were assessed in the supine position, popliteal vein (PV) in the prone position, and calf veins in a sitting position. At each examination, all accessible venous segments were subject to evaluation.
The criteria for DVT were incompressibility of the vein during compression by the transducer and absence of blood flow in the vein on the color mapping mode. To assess the prevalence of thrombotic occlusion, a modified Marder score was used. This allocates points to each of the deep and superficial venous segments of the lower limb that are occluded. If all the veins of one leg are occluded the total score is 34 (Table 2 ) [36] . When performing the dynamic DUS, the degree of recanalization of the CFV, FV, and PV was calculated on the basis of their compressibility. This was achieved by Total score of 0-4 indicates no PTS; score of C 5 indicates PTS. PTS severity: total score of 5-9, mild PTS; score of 10-14, moderate PTS; and score of C 15 or venous ulcer present, severe PTS measuring the veins' diameters without compression and at maximum compression with the transducer at the narrowest point of each venous segment. The degree of recanalization was calculated with the following formula:
. All measurements were repeated three times, and an average value was used for calculations. All ultrasound studies were performed by a specialist blinded to the patient's allocation to the MPFF or control group. The primary study endpoint was the presence of PTS signs at 6 months, determined by a blinded expert. For the diagnosis of PTS, the Villalta score was used. The criteria for a PTS diagnosis were a Villalta score of C 5; severe PTS was defined as a score of C 15 or the presence of an active venous ulcer.
The secondary study endpoints included severe PTS; symptomatic or asymptomatic recurrence of DVT; symptomatic pulmonary embolism; change in CEAP clinical class; CVD severity assessed by VCSS, quality of life assessed by CIVIQ-20; complete recanalization of vessels; change in degree of recanalization for the CFV, FV, and PV; change in thrombus extension by the Marder score; and the occurrence of bleeding and/or other adverse events associated with therapy.
Symptomatic recurrence of DVT was defined as an increase in edema, pain, or hyperemia of the affected lower limb, or the occurrence of the same signs on the intact leg. The asymptomatic recurrence of DVT was defined as the occurrence of signs of total occlusion in a previously recanalized venous segment. A complete recanalization was the clearance of thrombotic masses by 80% or more in the venous lumen (residual vein occlusion less than 20%).
Bleeding related to anticoagulant therapy was classified as major (according to the International Society on Thrombosis and Hemostasis criteria) [37] , clinically relevant non-major (any episode not fulfilling the criteria of major bleeding, but resulting in withdrawal of anticoagulant therapy and/or requiring a specific medical intervention and/or leading to an unscheduled visit to the doctor), or minor (any episode not fulfilling the criteria of major or clinically relevant non-major bleeding).
Patients' general health status was assessed at each follow-up visit with an emphasis on identifying possible adverse events of therapy.
Statistical Methods
As this was a pilot study with an exploratory nature the minimum sample size was not calculated. Statistical analysis was carried out using IBM SPSS Statistics v.19 software package. All absolute values are presented as the mean value with the standard deviation (mean ± SD). The distribution was verified by a Kolmogorov-Smirnov test. If a normal distribution was confirmed, comparisons were performed using the t test for independent samples for continuous variables, or the two-sided Fisher's exact test and a Chi-square test for categorical variables. Comparisons of mean values with time were performed by assessment of withinand between-subject effects, as well as their within-subject interaction using the general linear model for repeated measurements (GLM-RM). Differences were considered statistically significant when the p value was less than 0.05.
RESULTS
During the inclusion period, 132 patients with suspected DVT were admitted to the hospital and thrombosis was confirmed in 104 cases. Of these, 68 patients fulfilled the selection criteria and 8 patients refused to participate. The remaining 60 patients were allocated to one of the two treatment groups (n = 30 in each group), and all patients completed the study (Fig. 1) .
The clinical characteristics of the groups are presented in Table 3 . Patients in the control group receiving standard treatment had a higher rate of CVD prior to the occurrence of DVT, in particular CEAP clinical class C2-C4.
Patients in the two groups were comparable in terms of the prevalence of lesions of the main vessels in the femoropopliteal venous segment, although the total extent of the pathological process as determined by the Marder score was higher in the MPFF group (Table 3) . These differences were associated primarily with the greater involvement of calf veins in patients treated with MPFF.
The results for the primary and secondary endpoints are summarized in Table 4 . PTS was reported in 56.7% patients after 6 months of anticoagulant therapy with rivaroxaban and compression therapy and in 20% of patients randomized to MPFF plus standard therapy (p = 0.007). No severe forms of PTS were reported in either group. The mean score on the Villalta scale and the mean VCSS value were also lower in patients in the MPFF group. The CIVIQ-20 global index score revealed an improved quality of life in the MPFF group.
Fig. 1 CONSORT flowchart of the study
Progression of pre-existing CVD was observed in one patient in the MPFF group (transition from C2 to C4 class) and six patients in the control group (transition from C2 to C4 class in one patient, and transition from C2 to C3 class in five patients). Thus, the signs of CVD progression were observed in 20% of patients receiving standard therapy for DVT and only in 3.3% of patients with additional use of MPFF.
The recurrence of a venous thromboembolic event was observed in one patient from the control group, who had a symptomatic recurrent DVT on the contralateral limb, which required a temporary switch to LMWH followed by therapy with vitamin K antagonists. No major bleedings were observed in either group. Clinically relevant, non-major bleedings were represented by one case of hemorrhoidal bleeding in the MPFF group and two cases of macrohematuria in the control group. In addition, two cases of minor bleeding were reported (one in each group): rectal bleeding in the MPFF group and epistaxis in the control group.
In terms of other adverse effects, three patients in the MPFF group experienced a mild dyspeptic disorder, which did not require treatment discontinuation.
Rates of recanalization in the main venous segments are presented in Fig. 2 . In both groups, there was a significant trend towards progressive clearance of thrombotic masses from the vessel lumen (p \ 0.0001 for withinsubject effect ''time''). There were no significant differences in the rate of recanalization in the popliteal vein between the two groups, and complete recovery of vascular patency was achieved in 80% of patients in the MPFF group and 57% of patients in the control group Fig. 2 Rates of recanalization for the main venous segments. Generalized linear model repeated measures: p1 within-subject effect ' 'time' ', p2 within-subject interaction ' 'time 9 group' ', p3 between-subject effect ' 'group' '
There were no significant differences between the groups in the CFV analyses, both in terms of the rate of recanalization and in the rate of achieving complete recovery: 92% in the MPFF group vs. 70% in the control group (p = 0.293). At the same time, significant differences between the groups in total extent of the thrombus were revealed using the Marder score (Fig. 3) . At baseline, the extent of thrombus in the MPFF group was significantly higher than in the control group (15.0 ± 4.8 vs. 11.1 ± 4.3, respectively; p = 0.002), but after 6 months of therapy it was significantly lower (0.8 ± 1.6 vs. 2.8 ± 3.5 points, p = 0.006). This suggests that long-term use of MPFF in addition to standard DVT therapy provides a faster reduction in thrombus burden.
DISCUSSION
Recanalization of a thrombosed vein is a complex biological process, an integral component of which is the immune inflammatory reaction involving a large number of neutrophils, monocytes, and lymphocytes [19, 20] . The clearance of thrombus from the vessel lumen involves lysis of the fresh clot triggered by activation of the plasma fibrinolytic system, fragmentation of the thrombotic masses by endothelial lytic activity, contraction and retraction of the thrombus as a result of active formation of collagen on the framework of fibrin filaments, and also through the formation of new channels, lined with endothelium, directly in the thrombotic mass [38] . At the same time, thrombus resolution is strongly correlated with preservation of valvular function of the affected vessels [39] . However, initial attempts to treat DVT with unfractionated heparin followed by a switch to long-term intake of vitamin K antagonists led to inconsistent results in terms of recanalization of the affected venous segments. In approximately 50% of cases, there were no changes or an increase in the extent of thrombosis after 5-10 days of treatment, and after 3-6 months the number of patients with an unchanged thrombus burden reached 23% [40] .
At the same time, the long-term use of LMWH in comparison with standard therapy with vitamin K antagonists increased the chance of complete vascular recanalization 1.5-fold and reduced the probability of PTS occurrence by 23% [41] . Most likely, this was due to the pronounced pleiotropic effects of LMWH and the presence of anti-inflammatory, profibrinolytic, antisclerotic, and endothelioprotective properties in addition to anticoagulant activity [42] .
The introduction of direct oral anticoagulants was a milestone in DVT therapy, simplifying the treatment regimen, improving safety while maintaining high efficiency, and also eliminating the need for routine laboratory monitoring of treatment adequacy [43] . In addition, it has been shown that treating venous thrombosis with rivaroxaban is associated with a higher rate of recanalization of venous segments and a lower risk of PTS [44] [45] [46] . The exact mechanisms of action have not been fully elucidated, but it is assumed that direct oral anticoagulants, and in particular rivaroxaban, have certain anti-inflammatory properties, which can be mediated through protease-activated receptors [47, 48] . However, this hypothesis requires experimental confirmation. Fig. 3 Changes in the Marder score. Generalized linear model repeated measures: p1 within-subject effect ' 'time' ', p2 within-subject interaction ' 'time 9 group'', p3 betweensubject effect ' 'group' ' When assessing the effect of anticoagulant therapy on the completeness of recanalization of thrombosed vessels, a particular difficulty is the interpretation of the clinical significance of residual venous obstruction. Thus, Piovella et al. and Siragusa et al. consider residual thrombus as ''clinically significant'' if it occupies more than 40% of the vessel lumen [49, 50] . At the same time, Prandoni et al. in their early studies defined residual obstruction in the femoropopliteal segment to be significant if vein thickness at maximum compression exceeded 2-3 mm [51, 52] . In more recent studies evaluating the degree of vascular recanalization in patients receiving direct oral anticoagulants, the cutoff for vein thickness was increased to 4 mm [46] . Given this uncertainty, the rate of residual venous obstruction detection, as well as its impact on disease outcome, can vary substantially from study to study. In this study, we assumed a clinically significant residual obstruction at 20% of the vessel cross-sectional diameter, which is approximately 1-2 mm for the femoropopliteal segment and corresponds to the early criteria of Prandoni et al. [51, 52] . When this cutoff value was used, the rate of residual venous obstruction diagnosis on rivaroxaban monotherapy was 43% for the popliteal vein, 25% for the femoral vein, and 30% for the common femoral vein. These figures are significantly higher than that obtained using a 4-mm cutoff value, at which the rate of residual obstruction diagnosis was only 21.1% [46] .
When long-term use of rivaroxaban was combined with MPFF, the rate of residual venous obstruction was reduced to 20% for the popliteal vein, and 8% for the femoral vein and common femoral vein, which indicates a significant improvement in the recanalization process with the addition of flavonoid. The benefits of MPFF were even more pronounced when analyzed by changes in the Marder score reflecting the total extent of thrombus.
The addition of MPFF resulted in a more rapid and complete clearance of thrombotic masses from the blood vessels, and as a result, by the end of the 6-month follow-up period the scores in the MPFF group were significantly lower than in the control group. The observed differences can be explained by the known antiinflammatory activity of MPFF. Previous research in patients with CVD has shown that MPFF treatment for 60 days decreased levels of cellular adhesion molecules (ICAM-1 by 32% and VCAM by 29%) in the regional venous blood [30] . In women with CVD class CEAP C1, significant increases in levels of C-reactive protein, histamine, interleukin-1, tumor necrosis factor-alpha, and vascular endothelial growth factor have been observed in blood samples taken from the vessel supplying the telangiectasia 10 days after microsclerotherapy [31] . When sclerotherapy is performed with adjunctive MPFF the activity of these inflammatory markers is significantly reduced. Further studies are now warranted to confirm whether MPFF can also affect levels of inflammatory biomarkers in venous thrombosis.
A further difficulty when assessing long-term DVT outcomes is objective confirmation of the presence of PTS. In previous studies, the rate of PTS diagnosis by the Villalta scale in patients treated with rivaroxaban was 25-45% for a mean follow-up period of about 2 years [44, 45] . In our study, the rate of PTS diagnosis after 6 months of rivaroxaban monotherapy was higher at 56.7%. This may be due to the peculiarities of the Villalta scale, which has a high sensitivity to the presence of pre-existing CVD. It is known that the presence of primary venous insufficiency prior to the development of DVT raises the risk of PTS occurrence 1.5-3.2-fold [13] . Moreover, the Villalta scale has been reported to result in a misdiagnosis of PTS in 42% of patients who do not have specific postthrombotic changes in the deep veins [53] . The high sensitivity of this tool to pre-existing CVD can result in a wide dispersion in the rates of registered long-term adverse DVT outcomes. In our study, about three-quarters of the patients in the control group had a primary lesion of the superficial veins before the development of thrombosis, which could have had an impact on the high prevalence of PTS. At the same time, around half the patients in the MPFF group also had pre-existing CVD. However, signs of disease progression in terms of a worsening in CEAP clinical class to more severe forms were much less common with the use of the MPFF (3.3% vs. 20%). This apparent trend may be associated with the ability of MPFF to reverse the symptoms and signs of CVD, and thus have a positive effect on the prevention and treatment of early forms of PTS [54] .
The current study has demonstrated the benefits of using MPFF together with rivaroxaban for the long-term treatment of DVT. The addition of MPFF not only allowed the rate of PTS to be reduced, but also accelerated recanalization of affected venous segments. At the same time, the proposed therapeutic approach was associated with a high safety profile; no serious events associated with longterm intake of MPFF were recorded, and all the identified adverse events were mild in nature and did not result in treatment discontinuation.
This preliminary research had a pilot study design and was subject to certain limitations. First, the small sample size did not allow adjustments to be made for differences between treatment groups, in particular the extent of thrombus and the presence of pre-existing CVD. When planning further studies, appropriate randomization methods should be used to eliminate any source of bias in treatment assignments, patient recruitment should be carefully balanced for pre-existing CVD or exclude participants with this condition. Other important limitations were the absence of a placebo control and the short follow-up period. These limitations must be overcome in subsequent studies. Larger randomized controlled trials are now required to establish the superiority of the combined regimen before routine use in clinical practice can be recommended.
CONCLUSION
Preliminary data demonstrate that long-term therapy for DVT with a combination of rivaroxaban and MPFF reduced the rate of PTS development compared with rivaroxaban monotherapy and accelerated recanalization of affected venous segments. These results now need to be confirmed in larger randomized, double-blind, placebo-controlled studies.
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